Gastric cancer is the fourth most common cancer and the second most common cause of death from cancer worldwide [1, 2] . High-risk areas are Japan, China, Eastern Europe, and certain countries in Latin America owing to the high prevalence of Helicobacter pylori infection in these regions [3] . Early gastric cancer (EGC) is defined as gastric cancer confined to the mucosa or submucosa, irrespective of the presence of regional lymph node metastasis. The prognosis of EGC is good if there is no concomitant lymph node metastasis, with a 5-year gastric cancer-specific survival rate of 99 % [4] . In Japan, 40 % to 50 % of all gastric cancers are EGC, and endoscopic submucosal dissection (ESD) is widely accepted as a local treatment for these lesions because it preserves the whole stomach and postoperative patient quality of life. ESD has become a general technique because of improved procedures, devices, and patient selection. We recently reported that less invasive gastric ESD is feasible even for elderly patients [5] . The number of patients with chronic kidney disease (CKD) is increasing worldwide. Japanese clinical practice guidelines reported that the CKD frequencies in Japanese adults in 2009 were 0.6 %, 1.7 %, 10.4 %, and 0.2 % for stages 1, 2, 3, and 4 /5, respectively. The total number of patients in stages 3 to 5 was estimated to be approximately 10.97 million [6] . CKD increases in line with advancing age and the number of patients with gastric cancer suffering from CKD will also likely increase. CKD is generally evaluated by serum creatinine level. Estimated glomerular filtration ratio (eGFR) is calculated by serum creatinine, age, and sex acYoshioka Teppei et al. Estimated glomerular filtration rate as a risk factor after gastric ESD … Endoscopy International Open 2015; 03: E39-E45
Introduction

!
Gastric cancer is the fourth most common cancer and the second most common cause of death from cancer worldwide [1, 2] . High-risk areas are Japan, China, Eastern Europe, and certain countries in Latin America owing to the high prevalence of Helicobacter pylori infection in these regions [3] . Early gastric cancer (EGC) is defined as gastric cancer confined to the mucosa or submucosa, irrespective of the presence of regional lymph node metastasis. The prognosis of EGC is good if there is no concomitant lymph node metastasis, with a 5-year gastric cancer-specific survival rate of 99 % [4] . In Japan, 40 % to 50 % of all gastric cancers are EGC, and endoscopic submucosal dissection (ESD) is widely accepted as a local treatment for these lesions because it preserves the whole stomach and postoperative patient quality of life. ESD has become a general technique because of improved procedures, devices, and patient selection. We recently reported that less invasive gastric ESD is feasible even for elderly patients [5] . The number of patients with chronic kidney disease (CKD) is increasing worldwide. Japanese clinical practice guidelines reported that the CKD frequencies in Japanese adults in 2009 were 0.6 %, 1.7 %, 10.4 %, and 0.2 % for stages 1, 2, 3, and 4 /5, respectively. The total number of patients in stages 3 to 5 was estimated to be approximately 10.97 million [6] . CKD increases in line with advancing age and the number of patients with gastric cancer suffering from CKD will also likely increase. CKD is generally evaluated by serum creatinine level. Estimated glomerular filtration ratio (eGFR) is calculated by serum creatinine, age, and sex ac- Background and study aims: The number of patients with chronic kidney disease (CKD) is increasing worldwide and gastric cancer sometimes occurs with CKD. However, the safety and feasibility of endoscopic submucosal dissection (ESD) for patients with CKD are not clear. The aim of this study is to clarify the feasibility and safety of gastric ESD for patients with CKD. Patients and methods: This was a multicenter retrospective cohort study. In total, 144 patients with CKD who underwent gastric ESD between May 2003 and October 2012 were enrolled. The patients were divided into three groups: stage 3 (estimated glomerular filtration rate [eGFR]: 30 -59 mL/min), stage 4 (eGFR: 15 -29 mL/min), and stage 5 (eGFR: < 15 mL/min) according to the Kidney Disease Improving Global Outcomes Guidelines. The en bloc and curative resection rates and complications were assessed as short-term outcomes. Overall survival was analyzed using Kaplan -Meier methods.
Results: In total, 92 patients were in stage 3 CKD; 23 in stage 4; and 29 in stage 5, including 19 patients in hemodialysis. The en bloc resection rate was 95.8 %. Post-ESD bleeding was observed in four patients with stage 5 CKD (13.8 %), three with stage 4 (13.0 %), and one with stage 3 (1.1 %). All bleeding could be controlled by endoscopic hemostasis, but five patients required blood transfusion. Perforation occurred in two patients (6.9 %) with stage 5 CKD, none (0 %) with stage 4, and two (4.3 %) with stage 3. Multivariate Poisson regression analysis revealed CKD stage 4 was a critical factor related to bleeding, whereas diabetes mellitus and CKD stage 5, which largely consist of patients receiving hemodialysis, were not. The median observation period of patients who achieved curative resection was 25.9 months (range 0.8-112.7 months) and the 3-year overall survival rate was 92.5 %. Conclusions: Estimated GFR is a significant independent predictive factor of post-ESD bleeding in patients with CKD.
cording to the following equation: eGFR (mL/min) = 194 × Cr-1.094 × age -0.287 ( × 0.739 if female) [7] . Estimated GFR is more useful than using serum creatinine alone. According to the Kidney Disease Improving Global Outcomes (KDIGO) guideline, the risk for cerebrovascular disease in patients with CKD is classified by eGFR and urinary protein [8] . Grade 3a (eGFR: 45 -59 mL/min) with proteinuria and more than Grade 3b are at high risk for cerebrovascular disease. Estimated GFR values are now reported by more than 80 % of clinical laboratories in the United States [9] , and accurate estimation of GFR is important for detecting and staging CKD, determining drug dosages, and stratifying risks [10] . Surgical intervention is more invasive and more complications occur, such as excessive bleeding related to uremic platelet dysfunction and tissue vulnerability, in patients with CKD than in those without CKD [11, 12] . For EGC, gastric ESD is less invasive and this makes gastric ESD feasible even for elderly patients. However, the safety and feasibility of gastric ESD for Patients with CKD are not clear. Here we analyzed the complications and prognosis for gastric ESD in patients with CKD.
Patients and methods
!
Participating hospitals
This study was a multicenter retrospective cohort study from 10 hospitals participating in the Osaka Gut Forum, which comprises one university hospital, five secondary care hospitals, and four tertiary care hospitals (• " Table 1 
Patients
In total, 144 patients with CKD who underwent gastric ESD between May 2003 and October 2012 in the 10 hospitals were enrolled. All procedures were performed after obtaining informed consent from the patients. CKD was diagnosed when eGFR was less than 60 mL/min. For simple use in clinical bedside setting, just eGFR was used for classification of CKD in this study. Patients with CKD were divided into three groups: stage 3: eGFR 30 -59 mL/min, stage 4: eGFR 15 -29 mL/min, and stage 5: eGFR < 15 mL/ min or hemodialysis (HD) according to Japanese practice guidelines for the treatment of CKD [6] . EGC lesion criteria were defined according to the Japanese Gastric Cancer Association guidelines [4] .
ESD procedure
ESD was performed by conventional endoscopy (GIF-Q260 J, GIF-H260Z; Olympus, Tokyo, Japan) at each institute. All cases were performed by operators who had used gastric ESD or its certain supervision in more than 50 cases. Details of the procedure, such as saline or hyaluronic acid injection mixed with or without epinephrine, and use of an IT knife (Olympus, Tokyo, Japan), Flush Knife (Fujifilm, Tokyo, Japan) or others were decided by the physician and institution. When we suspected complications such as perforation or bleeding, a computed tomography (CT) or emergency esophagogastroduodenoscopy (EGD) was performed based on the judgment of the attending physician.
Management of HD, anticoagulants, and antiplatelet agents
There was no peritoneal dialysis in this study. Most of the patients were receiving hemodialysis three times per a week in their satellite hospital. Patients with HD were usually admitted 2 days before the date of ESD operation, and they received HD the day before ESD. We usually used nafamostat instead of heparin to prevent the residual anticoagulant effect in HD before the ESD procedure. In this study, antithrombogenic agents included anticoagulants such as warfarin, and antiplatelet agents such as aspirin, ticlopidine, beraprost, cilostazol, eicosapentaenoic acid ethyl ester, and clopidgrel. If a patient was taking antithrombogenic agents, each drug holiday before and after ESD was basically determined according to the guidelines of the Japan Gastroenterological Endoscopy Society (JGES) [13] . The JGES recommendation with regard to drug holidays for high-risk procedures are as follows: warfarin 3 to 4 days, aspirin 3 days, ticlopidine 5 days, and aspirin-ticlopidine combination therapy 7 days. Unfractionated heparin sodium was used for heparin bridge therapy. Continuous administration of heparin was initiated in the hospital. Patients stopped taking warfarin or antiplatelet agents several days before the procedure according to the guidelines. The prothrombin time-international ratio (PT-INR) for warfarin and the activated partial thromboplastin time (APTT) for heparin were monitored to check the anticoagulant effect. The dose of heparin was controlled to keep the APTT at around 60 seconds (1.5 -2 times the upper normal limit) at the recommendation of cardiologists. Heparin was stopped 4 to 6 hours before ESD, and ESD was performed after the disappearance of the anticoagulant effect. After ESD, administration of heparin was resumed as soon as possible. Although a decision to restart depended on both the necessity for anticoagulation and the bleeding tendency of the individual during the procedure, most of the patients were restarted on heparin after clinical examination, a blood test to check anemia and second-look endoscopy on postoperative day 1. Warfarin was basically resumed on postoperative day 1.
Outcomes
We set major complications of gastric ESD as a primary end point. A major complication was defined as post-ESD bleeding and perforation. Post-ESD bleeding was defined as the need for emergency endoscopic hemostasis or a fall in the hemoglobin level > 2 g/ dL below the preoperative level. Perforation was diagnosed endoscopically during ESD or by the observation of free air in post-ESD plain radiography or CT. As short-term outcomes, the en bloc and Original article E40 THIEME This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
curative resection rates and incidence of blood transfusion were also assessed. En bloc resection was defined as resection in a single piece of tissue. Curative resection was defined when the resected specimen satisfied en bloc resection, negative horizontal and vertical margins (HM0, VM0), no invasion into the lymph duct and venous duct (ly0, v0), and following conditions (a) to (d) according to the Japanese Gastric Cancer Association [4] . a) any tumor size, histologically of differentiated-type, pT1a, no ulcerative findings (UL( -)) b) tumor size ≤ 3 cm, histologically of differentiated-type, pT1a, ulcerative findings (UL( + )) c) tumor size ≤ 2 cm, histologically of undifferentiated-type, pT1a, UL( -) d) tumor size ≤ 3 cm, histologically of differentiated-type, pT1b (SM1, < 500 µm from muscularis mucosae) As middle-to long-term outcomes, we analyzed the prognosis of patients with CKD after gastric ESD.
Statistics
A one-sided P-value of less than 0.05 was considered statistically significant. When we compared the three CKD categories, we used the Kruskal -Wallis test for continuous variables and Fisher's exact test for nominal variables. Because the number of bleeding events was small (n = 8 total), a conventional analysis with logistic regression may yield an unstable estimate, thus we used Poisson regressions for both univariate and multivariate analyses to assess the effect of CKD categories on bleeding. With Poisson regression, Huber-White sandwich estimators were used to more accurately estimate variance-covariance to avoid overdispersion which could occur if a conventional method without such robust estimators was used instead. Receiver Operating Characteristic (ROC) curve analysis was used to determine the cutoff value of eGFR for predicting bleeding. As middle-to longterm outcomes, overall survival was analyzed using Kaplan -Meier methods. Statistical analyses were performed using JMP software (ver. 10.0.2, SAS Institute Inc., Cary, NC, United States).
Results
!
Patient characteristics
Patient characteristics are shown in • " Table 2 . Mean patient age was 73.8 ± 7.9 years, 78.5 % were men. There were 92 patients in stage 3, 23 in stage 4, and 29 in stage 5. There were 19 patients who required HD (13.2 %), 40 patients had diabetes mellitus (DM) (27.8 %), 43 patients used antithrombogenic agents (29.9 %), and seven patients underwent ESD with heparin replacement (HR) (4.9 %). There was no statistically significant difference among the three groups in terms of age, sex, body height, body weight, or platelet count. The frequencies of patients with DM, HD, or using antithrombogenic agents were inversely correlated with eGFR, but not HR. Hemoglobin levels were lower in patients with CKD stage 4 and 5 owing to renal anemia. There were no statistically significant differences in the backgrounds of EGC among the three groups (• " Table 3 ).
Short-term outcome
The en bloc resection rate was 95.8 % and the curative resection rate was 86.1 %. Perforation occurred in four, zero, and two patients in stage 3, 4, and 5, respectively (4.3 %, 0 %, and 6.9 %). There were no statistically significant differences among the three groups in terms of en bloc resection rate, curative resection rate, or perforation rate (• " Table 4 ). All patients with perforations were controlled by conservative therapy, such as clipping, intravenous administration, antibiotics, and proton pump inhibitors, and no one required surgery related to peritonitis. Post-ESD bleeding was observed in 1.1 % of patients in stage 3 (1 / 92), 13.0 % in stage 4 (3 /23), and 13.8 % in stage 5 (4 /29). All bleeding was controlled by endoscopic hemostasis, but five patients required blood transfusion (3.5 %). In univariate Poisson regression analysis by CKD stage, HD, DM, use of antithrombogenic agent and HR, critical factors related to bleeding were CKD stage and HD. DM, use of anticoagulants, and HR were not critical factors related to bleeding (• " Original article E41 THIEME with stage 5) (• " Table 6 ). ROC analysis of the cutoff value of eGFR for predicting post-ESD bleeding was carried out and the area under the ROC curve (AUC) was 0.80 (95 % Confidence Interval: 0.71 -0.89) (• " Fig. 1 ). When we set a cutoff value in eGFR of 27.3 mL/min, sensitivity and specificity were the highest and their percentages were 87.5 % and 70.6 %, respectively. There was no death related to the ESD procedure in all 144 patients.
Middle-to long-term outcome
Of these 144 patients, 20 did not achieve curative resection (13.9 %) and an additional surgical operation was performed in 14 patients (9.7 %) (• " Fig. 2 ). The reasons for no curative resection are shown in • " Table 7 . In those 14 patients operated, no patients died of gastric cancer, however, one patient died of hepatic failure 51.5 months after ESD. The remaining six patients who did not achieve curative resection were monitored. The reasons for monitoring were detection of another malignancy, the general condition of the patient or refusal to undergo additional surgical treatment because of the low risk of residual malignancy. The median monitoring period was 21.1 months (range 2.7 -78.9 months). There was no disease-specific death, however, one patient died from another malignancy. Another 124 patients achieved curative resection and their median observation period was 25.9 months (range 0.8 -112.7 months). No disease-specific death occurred, however, eight patients died from other reasons. Of these eight, three died because of other cancers, two died from infection and two from CKD exacerbation, and the other death was the result of heart failure. The Kaplan -Meier curve for survival of post-ESD patients who achieved curative resection is shown in • " Fig. 3 , and the 3-year overall survival rate was 92.5 %.
Discussion
! CKD is increasingly recognized as a global public health problem. It can be detected using simple laboratory tests, and is becoming a common disease in Japan. The number of patients with CKD in Japan is estimated to be approximately 13.3 million, comprising 13 % of the Japanese population. In general, it is often complicated by coexisting diseases owing to bleeding tendencies, arteriosclerosis, and immunologic changes. Thus, patients with CKD are considered to be a high-risk group for surgery-related complications [14] . Surgical resection is a radical treatment for patients with EGC. If well-differentiated to moderately-differentiated lesions are limited to the mucosal layer, endoscopic resection is widely accepted as a local treatment because it preserves the entire stomach as well as the patient's quality of life postoperatively. In particular, ESD achieves a secure resection with an acceptable complication rate and the indications for ESD are expanding. Based on a multicenter study, we recently reported that ESD is a feasible method for treating EGC [5] . When the gastric lesions are considered to be an indication for ESD, tumor factors, as well as general status, such as age, performance status, and other underlying diseases, must be considered to determine the feasibility of ESD. CKD is be- Fig. 3 Cumulative overall survival curve of patients who achieved curative resection. There was no disease specific death, however, eight patients died of other reasons. The 3-year overall survival rate was 92.5 %. coming a big issue in the consideration of the indications for gastric ESD. However, there have been few reports to date with regard to the short-term outcome of gastric ESD in cases of CKD, as well as the long-term survival. In this study, we evaluated the feasibility, the risk factors for ESD-related complications, and mid-term survival in patients with CKD in a multicenter survey including municipal hospitals. Generally, gastrointestinal bleeding in patients with CKD is reportedly increased as a result not only of gastroduodenal peptic ulcers, but also non-peptic and non-variceal lesions [15] . This is suspected to be to the result of dysfunctional hemostasis combined with mucosal abnormalities and hypergastrinemia. The possible mechanisms of bleeding in patients with CKD may be uremic platelet dysfunction, platelet-vessel wall interaction, or abnormalities in blood coagulation [16, 17] , and other factors, such as medications, and comorbid conditions. In particular, HD is well known to be a risk factor for bleeding [18] , especially during the ESD procedure [19, 20] . In this study, HD was also a risk factor for bleeding in the univariate analysis. In multivariate analysis, however, the risk ratio of bleeding in patients with stage 4 CKD was higher than in patients with stage 5 CKD, which included 19 patients on HD. This may reveal the important finding that eGFR is an independent risk factor for bleeding after gastric ESD regardless of whether a patient received HD or not. ROC curve analysis also showed that the best cut-off value for eGFR to predict bleeding was 27.3 mL/min, which is considered to be a reasonable risk for performing ESD in patients with CKD stage 4 /5 (eGFR ≤ 29 mL/min). We also demonstrated that patients with CKD had the highest percentage of transfusions after gastric ESD. Soyoral et al. reported that skin bleeding-time after the first HD was shorter compared to the pre-dialysis value, because HD improves uremia and platelet function [21] . Winkelmayer et al. reported that CKD was associated with the risk for postoperative bleeding in patients undergoing coronary artery bypass grafting surgery, not only at more advanced stages, but probably also at relatively mild levels of renal impairment [22] . These reports may support our findings. On the other hand, Numata et al. reported that the post-ESD bleeding rate was 33 % in patients undergoing HD, whereas it was only 9 % in non-HD patients, and concluded that the cause of bleeding was associated with other comorbidities, such as the use of anticoagulants in HD, but did not depend on the eGFR [23] . This was a retrospective study of 79 patients with CKD who underwent ESD in a single high-volume center and focused on HD, not eGFR. In the present study, we evaluated 144 patients with CKD, focusing not only on HD but also on eGFR in a multicenter survey including municipal hospitals where many patients with CKD were among the patients undergoing ESD. Kwon et al. also reported a single center retrospective study that compared 17 patients with CKD to 894 control patients who received gastric ESD [24] . They reported no significant difference in en bloc resection and perforation rates between patients with CKD and controls, but bleeding tendencies were observed in patients with CKD. Goto et al. also reported 10 case series of ESD in patients with CKD and undergoing HD [25] . One of them had a late perforation after rectal ESD and required emergency surgery. Therefore, they concluded that caution should be exercised in patients with CKD because they have less reserved capacity. Not including rectal ESD in our study, however, perforation rates were not significantly different among the three groups and no emergency surgery related to ESD was required. Generally, patients with CKD are known to have particularly impaired wound healing abilities [26, 27] and a high risk of atherosclerosis with vascular calcification that might easily lead to perforation. In the present study, we showed that the en bloc resection rate was 95.8 %, which means that gastric ESD was technically feasible even in patients with severe CKD. Based on these results, special care should be taken in patients with stage 4 or 5 CKD to minimize the risk of bleeding when undergoing ESD. Performing second look endoscopy is controversial, but Choi et al. reported that selective second look endoscopy is useful in patients with a high risk of bleeding [28] . With regard to middle-to long-term prognosis, we reported that the 3-year overall survival rate and cause-specific survival rates after gastric ESD for EGC within guideline criteria were 96.8 % and 100 %, respectively [29] . There was no cause-specific death in the present study, but overall survival was 92.5 % for 3 years. This was lower than in our historical data [29] , however, there were no independent predictors, including HD and CKD stage for the poor prognosis of patients with CKD and with EGC (data not shown). In fact, the prognosis of general HD patients is poor, and the mortality rate of general HD patients is reported to bẽ 60.3 % for 5 years because of complications such as atherosclerosis and other malignancies caused by immune dysfunction. Therefore, the natural course of CKD should be taken into account when determining the indications for gastric ESD because severe bleeding events affect the survival of patients with CKD but the doubling time of EGC is reported to range from 1.6 to 9.5 years [30] . Fortunately, there were no treatment-related deaths in our study, but bleeding is reported to cause ESD related-death in patients with CKD [23] although, in general, ESD is safe for EGC. There were several limitations in this study owing to the nature of a multicenter, retrospective study. First, the biggest issue of this study is that the parameter of post-ESD bleeding did not reach the recommended size for the cohort. Our study population, 144 patients with CKD, was larger compared to previously published reports, however, not reaching 10 events of post-ESD bleeding gave this study limited power, especially in multivariate analysis. Similarly, we could not clarify other factors such as HR therapy, use of antithrombogenic agents, and DM, owing to the limitations of sample size. Second, bias of institution is also a problem and about half of our population was from Osaka University. This is because high risk patients such as severe CKD tended to be sent from municipal or city hospitals to high volume centers. Some participating hospitals contributed only two to five cases, however, there was no statistically significant difference in incidence of major complications, such as post-ESD bleeding or perforation, between the high volume centers and other hospitals, when we defined high volume centers as the top three institutions (Osaka University, Osaka Rosai Hospital, and Kansai Rosai Hospital). In addition, we did not unify parameters such as ESD methods, devices, method of observation, and so on, because this was a retrospective cohort. In conclusion, gastric ESD for patients with CKD is technically feasible, even in patients undergoing HD. Estimated GFR is a more significant independent factor for predicting post-ESD bleeding than HD in patients with CKD. RR, risk ratio. Stages from Kidney Disease Improving Global Outcomes Guidelines: stage 3, eGFR: 30 -59 mL/min; stage 4, eGFR: 15 -29 mL/ min; stage 5, eGFR: < 15 mL/min.
